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Introduction {#cncr32907-sec-0005}
============

Pediatric cancer is associated with an identifiable heritable predisposition in approximately 10% of patients.[^1^](#cncr32907-bib-0001){ref-type="ref"}, [^2^](#cncr32907-bib-0002){ref-type="ref"}, [^3^](#cncr32907-bib-0003){ref-type="ref"}, [^4^](#cncr32907-bib-0004){ref-type="ref"} This number has been derived from pan‐cancer agnostic sequencing studies, which have focused primarily on relatively highly penetrant mutations detected with sequencing, similar to the large germline sequencing panels that are increasingly being used on a clinical basis in oncology and genetics clinics. However, these sequencing‐based methods do not detect epimutations, and to the best of our knowledge no large‐scale study of pediatric pan‐cancer predisposition to date has included methylation analysis of peripheral blood.

Methylation abnormalities may lead to epigenetic cancer susceptibility (ECS) through different mechanisms. Constitutional epimutations have been reported as a mechanism of gene dysregulation, resulting in cancer predisposition in both developmental disorders and adult‐onset cancer‐specific syndromes.[^5^](#cncr32907-bib-0005){ref-type="ref"}, [^6^](#cncr32907-bib-0006){ref-type="ref"}, [^7^](#cncr32907-bib-0007){ref-type="ref"}, [^8^](#cncr32907-bib-0008){ref-type="ref"}, [^9^](#cncr32907-bib-0009){ref-type="ref"}, [^10^](#cncr32907-bib-0010){ref-type="ref"}, [^11^](#cncr32907-bib-0011){ref-type="ref"} Although aberrant methylation is a common method of gene silencing in many tumor types,[^12^](#cncr32907-bib-0012){ref-type="ref"}, [^13^](#cncr32907-bib-0013){ref-type="ref"} epigenetic abnormalities that are detectable in noncancerous somatic cells consistent with a constitutional or mosaic predisposition appear to be less common but are increasingly recognized. Many cancer predisposition genes that typically are mutated by sequencing errors also can undergo promoter methylation that results in gene silencing, with similar effect. For example, Lynch syndrome typically is caused by point mutations or deletions or duplications in one of the mismatch repair genes; however, both constitutional and mosaic epimutations in the promoters of *MLH1* and *MSH2* also have been reported.[^5^](#cncr32907-bib-0005){ref-type="ref"}, [^6^](#cncr32907-bib-0006){ref-type="ref"}, [^7^](#cncr32907-bib-0007){ref-type="ref"} Constitutional promoter methylation of the *RB1* gene has been documented in a child with unilateral retinoblastoma.[^8^](#cncr32907-bib-0008){ref-type="ref"} Mosaic epimutations of *SDHC* have been observed in patients with gastrointestinal stromal tumors.[^9^](#cncr32907-bib-0009){ref-type="ref"} In these cases, the epimutation found in the tumor was detectable at a lower level in blood and saliva, suggesting a postzygotic, pretumorigenesis origin for the methylation abnormality. Unlike the aforementioned ECS, Beckwith‐Wiedemann syndrome (BWS) is ECS characterized by overgrowth and predisposition toward embryonal tumors, which most often manifests from 11p15.5 epimutations at imprinting control (IC) regions (IC1 and/or IC2), rather than from methylation alterations at gene promoters or gene level point mutations or copy number alterations.[^10^](#cncr32907-bib-0010){ref-type="ref"}, [^11^](#cncr32907-bib-0011){ref-type="ref"} Unlike methylation alterations at gene promoters, the 11p15.5 epimutations in BWS dysregulate the transcription of a group of genes located adjacent to or within these IC regions, which are known to be dose‐sensitive and typically are tightly regulated based on the parent of origin of each chromosome (Fig. [1](#cncr32907-fig-0001){ref-type="fig"}).

![Imprinting control (IC) regions IC1 and IC2 on 11p15.5. Genes that are expressed from the maternal allele (above) are shown in red, genes that are expressed from the paternal allele (below) are shown in blue, and genes that are not expressed are shown in gray. Green boxes indicate the IC regions; black circles, methylation; white circles, the absence of methylation.](CNCR-126-3114-g001){#cncr32907-fig-0001}

Both Wilms tumor and hepatoblastoma, the most common childhood malignant tumors of the kidney and liver, respectively, can occur within the context of well‐described predisposition syndromes, including BWS.[^14^](#cncr32907-bib-0014){ref-type="ref"} In classic BWS, tumor risk varies by molecular subtype. Patients with gain of methylation (GOM) at IC1 (GOM IC1) have the highest risk (28%), whereas patients with loss of methylation (LOM) at IC2 (LOM IC2) have the lowest risk (2.6%).[^11^](#cncr32907-bib-0011){ref-type="ref"} Patients with both GOM IC1 and LOM IC2 due to paternal uniparental isodisomy (pUPD) of chromosome 11p15.5 have an intermediate risk (16%). It is hypothesized that the IC1 region plays a greater role in the development of Wilms tumor and the IC2 region plays a greater role in the development of hepatoblastoma because the majority of tumors that developed in patients with GOM IC1 are Wilms tumors and those in patients with LOM IC2 are hepatoblastoma.[^15^](#cncr32907-bib-0015){ref-type="ref"} Patients with pUPD can develop both Wilms tumor or hepatoblastoma, most likely due to the fact that both the IC1 and IC2 regions are affected.

BWS recently has been redefined as the Beckwith‐Wiedemann spectrum (BWSp), which is especially broad, most likely due to the frequent somatic (rather than predominantly germline) occurrence of underlying epigenetic alterations, often resulting in mosaic results across various tissues.[^11^](#cncr32907-bib-0011){ref-type="ref"}, [^16^](#cncr32907-bib-0016){ref-type="ref"} For example, outside of patients who clearly are syndromic, it has been shown that Wilms tumor can be the presenting sign of BWSp in children who either are without other signs or with subtle other signs that were not previously realized to be related.[^17^](#cncr32907-bib-0017){ref-type="ref"}, [^18^](#cncr32907-bib-0018){ref-type="ref"} Isolated lateralized overgrowth (also known as hemihypertrophy and/or hemihyperplasia) has long been recognized to be associated with a predisposition toward Wilms tumor and hepatoblastoma, regardless of whether a detectable genetic or epigenetic mutation is present.[^19^](#cncr32907-bib-0019){ref-type="ref"} Finally, 11p15.5 alterations are very common somatic occurrences in both patients with Wilms tumor and those with hepatoblastoma.[^20^](#cncr32907-bib-0020){ref-type="ref"}, [^21^](#cncr32907-bib-0021){ref-type="ref"} Therefore, these 2 tumor types represent an especially important pool of patients to screen with 11p15.5 methylation analysis. In the current study, we have presented the results of germline methylation testing of 11p15.5 in individuals with hepatoblastoma or Wilms tumor.

Materials and Methods {#cncr32907-sec-0006}
=====================

All patients presenting to the Clinical Genetics Service and Pediatric Cancer Predisposition Screening Program at Memorial Sloan Kettering Cancer Center with Wilms tumor or hepatoblastoma between January 2016 and May 2019 were selected for analysis. Patients who had a known diagnosis of BWS at the time of their cancer diagnosis were excluded. A patient with hepatoblastoma and a known familial *APC* mutation was not tested for BWS and therefore also was excluded.

Germline analysis included molecular testing for BWS, which was performed on peripheral blood at the University of Pennsylvania Genetic Diagnostic Laboratory ([www.med.upenn.edu/genetics/gdl](http://www.med.upenn.edu/genetics/gdl)), a Clinical Laboratory Improvement Amendments (CLIA)--approved laboratory. Testing consisted of methylation‐sensitive, quantitative, real‐time polymerase chain reaction (PCR) of bisulfite‐treated DNA to evaluate methylation levels at IC1 and IC2[^22^](#cncr32907-bib-0022){ref-type="ref"} and a comparative genomic hybridization and single‐nucleotide polymorphism array (SNP) to identify copy number changes and uniparental disomy at 11p15.5, with reflex to Sanger sequencing of the *CDKN1C* gene if methylation and copy number and/or SNP analysis were normal.[^23^](#cncr32907-bib-0023){ref-type="ref"}, [^24^](#cncr32907-bib-0024){ref-type="ref"} Briefly, 2 independent DNA isolates were collected from each submitted sample for testing and DNA was isolated as previously described.[^25^](#cncr32907-bib-0025){ref-type="ref"} Evaluation of polymorphic short tandem repeats to verify that both independent DNA isolates were collected from the same individual was performed for quality control as described.[^26^](#cncr32907-bib-0026){ref-type="ref"} The EZ DNA Methylation‐Direct kit (Zymo Research, Irvine, California) was used to bisulfite convert 200 ng of genomic DNA. As previously described, allele‐specific, methylated, multiplex, quantitative real‐time PCR was performed using a StepOnePlus Real‐Time PCR System (Thermo Fisher Scientific, Waltham, Massachusetts), and data then were analyzed using the cycle threshold method.[^27^](#cncr32907-bib-0027){ref-type="ref"} Methylation testing was performed on 2 independent DNA isolates from each sample tested.

The amount of methylated and unmethylated DNA was calculated for each sample by interpolation on the standard curve that was run in parallel with the patient samples. The methylation percentage was determined by dividing the amount of methylated DNA by the amount of total DNA. The mean of the assays was used to calculate the methylation index for that patient. A normal range previously was generated by the laboratory by testing a series of unaffected individuals. The mean and standard deviation were calculated for this set of samples. Methylation values were considered pathogenic if they were \>2 standard deviations from the normal. Methylation levels that were abnormal but within 10% of the control were considered low‐level mosaic epimutations.

The array was custom designed using Agilent technologies. The array was high‐density and able to detect exonic and intronic copy number changes in *CDKN1C*, *H19*, *IGF2*, *KCNQ1*, and *KCNQ1OT1*, as well as intergenic copy number variants in the 11p15.5 region. It also was able to detect copy neutral regions of homozygosity in the targeted region, indicative of pUPD when found in conjunction with GOM IC1 and LOM IC2.[^28^](#cncr32907-bib-0028){ref-type="ref"} Analysis of the targeted region was performed using CytoGenomics software (Agilent Technologies, Santa Clara, California).

When samples were available, patients with positive results in the blood at 11p15.5 also underwent tumor testing including 11p15.5 methylation analysis and whole‐genome sequencing to assess tumor signatures. Familial segregation testing was performed in one case with nonmosaic abnormal results. Germline whole‐genome sequencing was performed on this patient, who was found to have inherited his epimutation from his mother, to look for underlying genomic alterations. The current study was performed under institutional review board--approved studies 12‐245, 06‐107, 17‐575, and 18‐083 at Memorial Sloan Kettering Cancer Center.

Results {#cncr32907-sec-0007}
=======

A total of 24 patients (21 patients with Wilms tumor and 3 patients with hepatoblastoma) underwent germline assessment including 11p15.5 methylation and copy number and/or SNP analysis (Fig. [2](#cncr32907-fig-0002){ref-type="fig"}) (Table [1](#cncr32907-tbl-0001){ref-type="table"}). Overall, 33% of patients (8 of 24 patients) were found to have an epigenetic change at chromosome 11p15.5 that was detectable in the blood. Six individuals with Wilms tumor and 1 patient with hepatoblastoma were found to have low‐level GOM IC1 that was consistent with a molecular diagnosis of mosaic BWSp or ECS (Fig. [3](#cncr32907-fig-0003){ref-type="fig"}). A second child with hepatoblastoma was found to have LOM IC2. His mother also had LOM IC2; her medical history was notable only for a pancreatic cyst. Both of the proband\'s maternal grandparents had normal methylation at 11p15.5. No patients were found to have copy number variants at 11p15.5 or pUPD as determined by a comparative genomic hybridization and SNP array, or mutations in *CDKN1C* as determined by Sanger sequencing in blood.

![Clinical characteristics and peripheral blood methylation results of patients presenting with Wilms tumor (patients 1‐21) or hepatoblastoma (patients 22‐24) who underwent 11p15.5 methylation testing on the blood. Somatic mutations and tumor single‐nucleotide polymorphism (SNP) array results are shown for patients who underwent this testing. Somatic tumor mutations are shown for genes known to be associated with Wilms tumor or genes that were found to be mutated in multiple patients. GOM indicates gain of methylation; IC1, imprinting control 1; IC2, imprinting control 2; LOM; loss of methylation.](CNCR-126-3114-g002){#cncr32907-fig-0002}

###### 

Methylation Levels of Patients With GOM at IC1 and LOM at IC2

                                 Patient No.   IC1 Methylation   Normal Range      IC2 Methylation   Normal Range
  ------------------------------ ------------- ----------------- ----------------- ----------------- ----------------
  Patients with Wilms tumor      1             53.81% ± 0.80%    50.00% ± 1.12%    Normal             
                                 2             55.11% ± 2.00%    50.00% ± 0.98%    Normal             
                                 3             56.28% ± 1.58%    50.00% ± 1.54%    Normal             
                                 4             54.10% ± 0.88%    50.00% ±‐ 0.97%   Normal             
                                 5             54.48% ± 0.96%    50.00% ±‐ 1.08%   Normal             
                                 6             55.24% ± 0.95%    50.00% ± 1.51%    Normal             
                                 7             Normal                              Normal             
                                 8             Normal                              Normal             
                                 9             Normal                              Normal             
                                 10            Normal                              Normal             
                                 11            Normal                              Normal             
                                 12            Normal                              Normal             
                                 13            Normal                              Normal             
                                 14            Normal                              Normal             
                                 15            Normal                              Normal             
                                 16            Normal                              Normal             
                                 17            Normal                              Normal             
                                 18            Normal                              Normal             
                                 19            Normal                              Normal             
                                 20            Normal                              Normal             
                                 21            Normal                              Normal             
  Patients with hepatoblastoma   22            56.23% ± 0.84%    50.00% ± 1.61%    Normal             
                                 23            Normal                              40.44% ± 1.68%    49.99% ± 0.97%
                                 24            Normal                              Normal             

Abbreviations: GOM, gain of methylation; IC1, imprinting control 1; IC2, imprinting control 2; LOM, loss of methylation.
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![Box and whisker plot showing the percentage methylation at imprinting control (IC) region IC1 on 11p15.5 in patients with hypermethylation at this locus (in red) compared with control samples (in blue).](CNCR-126-3114-g003){#cncr32907-fig-0003}

Patient Characteristics {#cncr32907-sec-0008}
-----------------------

Five of eight patients (62.5%) with abnormal methylation did not manifest overt clinical findings of BWS apart from their tumor. Two children demonstrated lateralized overgrowth, and a third child had mild hypoglycemia at birth, which spontaneously resolved.

As shown in Figure [2](#cncr32907-fig-0002){ref-type="fig"}, all 7 patients with GOM IC1 were female, compared with 6 of the 16 patients with methylation in the normal range (38%), whereas the patient with inherited LOM IC2 was male. For patients with epimutations, the average and median age at the time of diagnosis of Wilms tumor both were 4.3 years (range, 25‐78 months). For patients without epimutations, the average age at the time of diagnosis of Wilms tumor was 7.8 years, and the median age was 4.3 years (range, 3 months‐35 years). Patients with hepatoblastoma were diagnosed at an average age of 14 months (range, 4‐31 months). It is interesting to note that the child with hepatoblastoma and LOM IC2 was aged 31 months at the time of diagnosis, which is just above the age range reported in a review of age at the time of hepatoblastoma diagnosis in individuals with BWS.[^29^](#cncr32907-bib-0029){ref-type="ref"}

Nephrogenic rests were present in 3 of 15 of the patients with Wilms tumor with normal methylation (20%), whereas all 5 patients with Wilms tumor with GOM IC1 for whom the data were available had nephrogenic rests. One patient with GOM IC1 and Wilms tumor was referred for evaluation as an adult; this individual had been diagnosed with Wilms tumor in the 1980s, prior to the current classification and terminology system, and therefore it was not known whether she had nephrogenic rests. Of the 5 patients with Wilms tumor with epimutations who had nephrogenic rests, 4 of the rests were perilobar and 1 rest was intralobar.

Molecular Analysis of the Tumor Samples {#cncr32907-sec-0009}
---------------------------------------

Of the patients with an 11p15.5 epimutation detected in the blood, 5 patients had tumors that were available for further analysis. All 5 tumors had epimutations consistent with what was observed in the blood: 4 patients with Wilms tumor with GOM IC1 and 1 patient with hepatoblastoma with LOM IC2. These 5 patients also had their tumors characterized by whole‐genome sequencing, and analysis of mutational signatures was possible in 3 cases that had \>100 somatic mutations detected (the purity of the other 2 samples was too low for analysis). In the 3 cases (2 Wilms tumors and 1 hepatoblastoma), the low mutational burden (0.05‐0.25 mutations per megabase) was mostly attributed to age‐related mutational signature 1, demonstrating the low activity of other mutational processes.[^30^](#cncr32907-bib-0030){ref-type="ref"}

Approximately 83.3% of patients (20 of 24 patients) had additional tumor testing ordered by the primary oncologist, as shown in Figure [2](#cncr32907-fig-0002){ref-type="fig"}. It is interesting to note that 5 patients with Wilms tumor also had loss of heterozygosity of either all of chromosome 11 or of a portion containing 11p15.5 in their tumor sample; all of these patients had normal 11p15.5 methylation in the blood.

Discussion {#cncr32907-sec-0010}
==========

In the current study, we observed low levels of aberrant 11p15.5 methylation detectable in the blood in a subset of children with Wilms tumor and hepatoblastoma who did not demonstrate phenotypic features or a family history diagnostic of a hereditary cancer syndrome. The presence of an epimutation was most prominent in females with bilateral Wilms tumors. We also identified an inherited 11p15.5 epimutation in a child with hepatoblastoma, with no detectable underlying genomic cause at 11p15.5. It is interesting to note that these low‐level epimutations were detected using methylation‐sensitive, quantitative, real‐time PCR, which is more sensitive than commonly used multiplex ligation--dependent probe amplification--based methods.[^11^](#cncr32907-bib-0011){ref-type="ref"}

It is unlikely that the low‐level epimutations found in these patients represented circulating tumor DNA. The timing of blood collection for BWS testing was highly variable in relation to the time of tumor diagnosis and therapy because it was related to the time of genetics referral for each patient. Some patients had blood drawn during treatment, and some had it drawn months or years later. The greatest outlier in this regard was patient 6, whose bilateral Wilms tumors were diagnosed and treated in the 1980s. Her results were very similar to those of the other females with bilateral Wilms tumors despite her blood draw for BWS testing occurring \>30 years after her diagnosis. In addition, MacFarland et al did not find any evidence of circulating tumor DNA in the blood in their cohort, despite many positive results in other tissues.[^17^](#cncr32907-bib-0017){ref-type="ref"}

To our knowledge, the current study cohort differs from Wilms tumor cohorts described previously[^17^](#cncr32907-bib-0017){ref-type="ref"}, [^31^](#cncr32907-bib-0031){ref-type="ref"} in that all patients in the current study cohort were found to have epimutations on analysis from peripheral blood, whereas patients in the prior cohorts were identified through testing blood, skin, tumor, and healthy kidney, and did not include patients with hepatoblastoma. The most notable difference with regard to the findings of the current study was that none of the patients in our cohort were found to have pUPD, whereas in the study by MacFarland et al[^17^](#cncr32907-bib-0017){ref-type="ref"} approximately one‐half of the cohort was diagnosed with mosaic pUPD. However, the 5 patients in the current study with complete or partial loss of heterozygosity of chromosome 11 detected in tumor may have been somatic mosaic for this abnormality if other samples were analyzed because pUPD is especially likely to be mosaic. The approximately 33% of patients in the current study cohort with positive findings represented what was detectable in the blood, but there is likely to be a higher incidence of somatic mosaicism of BWSp (both epimutations and chromosome abnormalities) when more tissues are included.

Epigenetic defects were identified in 2 of 3 patients with hepatoblastoma. The finding of GOM IC1 in one of the patients with hepatoblastoma was surprising because hepatoblastoma is extremely rare in patients with this molecular subtype. In a large pooled cohort of patients with BWS and tumors, there were no reports of patients with hepatoblastoma with GOM IC1, and to our knowledge, only 1 case has been reported previously.[^32^](#cncr32907-bib-0032){ref-type="ref"}, [^33^](#cncr32907-bib-0033){ref-type="ref"} It is possible that more patients with hepatoblastoma are affected by 11p15.5 epimutations but have not undergone methylation analysis due to a lack of syndromic features; however, given the small number of patients with hepatoblastoma in the current study, we were unable to make more than anecdotal observations. Further studies combining larger numbers of patients with hepatoblastoma are needed to draw conclusions regarding this group.

Although to our knowledge there was no sex discrepancy for unilateral Wilms tumors, it is well established that patients with bilateral disease at the time of presentation are more often female and tend to be younger and to have nephrogenic rests.[^34^](#cncr32907-bib-0034){ref-type="ref"}, [^35^](#cncr32907-bib-0035){ref-type="ref"} It is interesting to note that in the current study cohort, all 4 females with bilateral tumors who underwent testing were found to have low‐level GOM IC1. Although the sample size was small, given that the reason for the increased incidence of bilateral Wilms tumors in females is unknown, the finding of this epimutation warrants further evaluation as being potentially related to a mechanistic molecular explanation. Future studies in larger patient cohorts are needed to fully characterize the degree to which GOM IC1 may play a role in the female predilection toward bilateral Wilms tumors, and the relationship between the development of certain epimutations and female sex.

The majority of epimutations at 11p15.5 that are related to BWSp are considered to be unlikely to be heritable in the absence of a detectable genomic abnormality, although to our knowledge empiric data are modest.[^11^](#cncr32907-bib-0011){ref-type="ref"} The finding reported herein of a family with hereditary LOM IC2 indicates that some cases with an apparently isolated epimutation (via clinically available testing and additional research efforts) still can be passed from one generation to the next. The GC‐rich repetitive nature of the IC2 region may be one limitation to detecting causative genomic alterations for individuals with epimutations at this locus. Further work also is needed to determine the heritability of the low‐level GOM IC1 detected among patients in the current study. In addition to obtaining empiric data, determining whether this epimutation represents a somatic mosaic event, a cryptic germline DNA event for which hypermethylation is a downstream consequence, or a biomarker for a constitutional event will help with elucidating the mechanism of inheritance and allow for more accurate genetic counseling to be provided to these families.

In addition to the diagnostic implications of the genomic findings reported in the current study, therapeutic vulnerabilities also may be revealed through epigenetic analysis. Clinical trials based on molecular profiling currently are available for both pediatric and adult patients with cancer; this subset of patients with epigenetic alterations may be considered for targeted approaches as part of clinical trials when traditional lines of therapy have failed. Because epimutations at 11p15.5 in patients with Wilms tumor and hepatoblastoma are believed to drive *IGF2* overexpression,[^36^](#cncr32907-bib-0036){ref-type="ref"} IGF2 inhibitors may be a consideration.[^37^](#cncr32907-bib-0037){ref-type="ref"} IGF2 inhibitors have started to be explored in phase 1 trials, and identifying an underlying epigenetic molecular abnormality in patients with Wilms tumor or hepatoblastoma may provide a therapeutic rationale for this class of targeted therapy.[^37^](#cncr32907-bib-0037){ref-type="ref"}, [^38^](#cncr32907-bib-0038){ref-type="ref"}, [^39^](#cncr32907-bib-0039){ref-type="ref"}

Conclusions {#cncr32907-sec-0011}
-----------

Although broad molecular somatic and germline diagnostic evaluations are increasingly available to pediatric patients with cancer, the majority of agnostic germline testing approaches are based on DNA sequencing and will fail to detect the epigenetic alterations underpinning some cancer susceptibility.[^4^](#cncr32907-bib-0004){ref-type="ref"}, [^40^](#cncr32907-bib-0040){ref-type="ref"}, [^41^](#cncr32907-bib-0041){ref-type="ref"} Constitutional or somatic epimutations have been shown to be an alternative mechanism of cancer predisposition in many nonsyndromic cancer susceptibilities as well as in BWSp through different mechanisms of methylation alterations.[^6^](#cncr32907-bib-0006){ref-type="ref"}, [^7^](#cncr32907-bib-0007){ref-type="ref"}, [^42^](#cncr32907-bib-0042){ref-type="ref"}, [^43^](#cncr32907-bib-0043){ref-type="ref"} The current study evaluated methylation abnormalities affecting the imprinted region at 11p15.5 in children with the 2 most commonly associated tumors. The data presented in the current study have expanded on previous work demonstrating that Wilms tumor can be the presenting sign of epimutations associated with BWSp.[^17^](#cncr32907-bib-0017){ref-type="ref"} Further work should be done in larger cohorts of patients with Wilms tumor and hepatoblastoma to determine the efficacy of screening all patients with these tumors for 11p15.5 epimutations. In addition, broader methylation testing of cancer predisposition genes known to be associated with pathogenic epimutations in some cases also may be considered among many cancer types to comprehensively evaluate for predisposition. Larger pan‐cancer studies that include methylation assessment of a broader number of genes are needed to determine the overall percentage of pediatric cancer susceptibilities attributable to methylation abnormalities, both imprinting defects as evaluated herein, and promotor methylation, as has been shown in many other cancer predisposition genes.
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